General considerations. The syntheses and manipulations described below were conducted using standard Schlenk and glove box techniques. Reactions were conducted in a Vacuum Atmospheres inert atmosphere (N 2 ) glove box. [UCl 4 ] 1 , and [NpCl 4 (DME) 2 ] 2 were synthesized as previously described.
K 2
Ar OSeO Ar was synthesized following the previously published procedures using KN(SiMe 3 ) 2 instead of NaN(SiMe 3 ) 2 . 3 p-benzoquinone was used as received (Sigma-Aldrich). All solvents were dried by passing through a solvent purification system, MBRAUN, USA and stored over activated 4 Å molecular sieves.
Benzene-d 6 (Cambridge Isotope Laboratories) was degassed by three freeze-pump-thaw cycles and stored over activated 4 Å molecular sieves. All 1 H data was obtained on a 600 MHz or 300 MHz DRX Bruker spectrometer. 1 H NMR shifts given were referenced internally to the residual solvent peak at δ 7.16 ppm (C 6 D 5 H) or δ 2.08 ppm (C 7 D 7 H). Infrared spectra were recorded as KBr pellets on Perkin-Elmer Spectrum
One FT-IR spectrometer. Elemental analyses were performed at the University of California, Berkeley
Microanalytical Facility using a Perkin-Elmer Series II 2400 CHNS analyzer. Single X-ray crystal structure determinations were performed at the University of Missouri-Columbia.
General considerations for 237 Np.
Caution! 237 Np is a high specific-activity α-emitting radionuclide (4.958 MeV, t 1/2 = 2.14 x10 6 years, a = 0.7 mCi g -1 ). This research was conducted in a radiological laboratory with appropriate counting equipment and analysis of hazards for the safe handling and manipulation of radioactive materials. Reactions were performed in a Vacuum Atmospheres inert atmosphere (Ar) glove box operated at negative pressure relative to the laboratory atmosphere. Electronic absorption measurements were recorded on a sealed 1 cm quartz cuvette with a Varian Cary 5000 UV/vis/NIR spectrophotometer.
Crystallographic Data Collection and Structure Determination. The selected single crystals for the uranium complexes were mounted on nylon cryoloops using viscous hydrocarbon oil. The selected single neptunium crystal was coated with viscous hydrocarbon oil inside the glove box before being mounted on a nylon cryoloop using Devcon 2 Ton epoxy. The X-ray data were collected on a Bruker CCD diffractometer with monochromated Mo-Kα radiation (λ = 0.71073 Å). The data collection and processing utilized Bruker Apex2 suite of programs. 4 The structures were solved using direct methods and refined by full-matrix least-squares methods on F 2 using Bruker SHELX-2014/7 program. 5 All non-hydrogen atoms were refined with anisotropic displacement parameters. All hydrogen atoms were placed at calculated positions and included in the refinement using a riding model. Thermal ellipsoid plots were prepared by using Olex28 with 50% of probability displacements for non-hydrogen atoms. .
Synthesis of U[
Crystal structure refinement of 2. The structure was solved in P2 1 and is nearly isomorphous with its U analog, 1, which is half as long along c. An attempt was made to integrate it in a unit cell of half volume and refine it by isomorphous replacement of the U analog, but the resulting model could not be refined anisotropically. Ultimately, the best model was obtained by constraining pseudo-symmetry related pairs of atoms to have equal anisotropic displacement parameters. The pseudo-symmetry has a negative effect on overall data to parameters, so multiple conformations for some apparently disordered tert-butyl groups were not modeled. Crystal structure refinement of 3. Disordered lattice solvent molecules were located from the difference map. One was modeled as a toluene molecule adjacent to and disordered across a crystallographic inversion center, so that the entire molecule occupies two symmetry related but non-overlapping positions. The remaining solvent molecules could not be modeled from the difference map peaks, and their contribution to the scattering was removed using PLATON SQUEEZE. In an argon filled glovebox, 1 (28.8 mg), 2 (11.2 mg) and 3a-c (9.6 mg, 16.5 mg, and 9.8 mg, respectively) and were loaded into 3 mm OD quartz tubes by sandwiching them between two plugs of oven-dried quartz wool (1, 8.7 mg; 2, 13.3 mg; 3a-c, 9.7 mg, 4.4 mg, and 6.0 mg, respectively) (Hereaus, semiconductor grade). The samples were compressed into a pellet by squeezing them between two quartz rods. The quartz rods were removed, and the ends of the tube were capped by inserting them into septa for 7 mm tubing. The capped tube was removed from the glovebox and decontaminated. The center of the tube was wrapped with a Kimwipe, saturated with liquid nitrogen, and sealed with a propane/oxygen or hydrogen/oxygen torch. Sample 2 was additionally contained in a He-filled, 3.5 mm polypropylene straw and heat sealed on both ends.
Synthesis of {U[ Ar OSeO
Variable temperature magnetization data were recorded at 0.1 T, 0.5 T, 1 T, (1-3) and 2 T (2) using a Quantum Designs MPMS SQUID magnetometer. Variable temperature magnetization was corrected for the diamagnetism of the quartz wool using Pascal's constants for covalent compounds, χ QW = 3.7 × 10 -7 emu g -1 (no correction for the diamagnetism of the quartz tube or polypropylene straw is needed as they never leave the SQUID coils). Molar susceptibility was calculated using the following equation:
Where χ mol is the molar susceptibility, M meas is the measured magnetization, M ferro is the ferromagnetic magnetization of the ferromagnetic impurity, which is temperature independent; its field dependence, f, is 1 at fields greater than 0.2 T and is 0.64 at 0.1 T, χ QW is the contribution to the susceptibility due to the quartz wool, χ dia is the diamagnetic correction of the ligands, uranium and neptunium using Pascal's constants, and H is the applied field.
Two ferromagnetic impurities are commonly encountered in laboratory samples, steel or iron metal and magnetite or other ferrites from oxide coating on stainless steel lab equipment. Of these, magnetite is far more likely to be encountered. In general, the magnetization of ferromagnets is temperature independent below the Curie temperature, which is 860 K for magnetite, so magnetization of the impurity is temperature independent for this experiment. The magnetization of magnetite reaches saturation at approximately 0.2 T, above which the magnetization is ~90 emu/g. 6 Below this field, the magnetization of magnetite is roughly linear with applied field. Based on the assumption that the impurity is magnetite or a related ferrite resulting from the abrasion of stainless steel lab equipment, the data were corrected for a temperature and field independent ferromagnetic impurity. M ferro was allowed to vary to minimize the least squares difference between χ mol at different fields, which produced a saturation of magnetization of The raw, variable temperature susceptibility data for 1 and 3a-c are shown in Figures S3 and S6 . The susceptibility of 3 was repeated using three independently prepared samples. Information about the samples of 3 is given in Table S1 along with the results. The discrepancy between the data at different fields is consistent with the presence of a ferromagnetic impurity, typically magnetite or other ferrites from the surface of stainless steel laboratory equipment as noted above. The data were corrected for the presence of a ferromagnetic impurity. After correction for the ferromagnetic impurities of 1 and 3, the data obtained at 0.5 T and 1.0 T are in good agreement, Figure S7 , but the data at 0.1 T were in poor agreement for 3. In addition, the 0.1 T data has high uncertainty largely due to the small signal at this field. Consequently, only the 0.5 T and 1.0 T data were used. The raw, variable temperature susceptibility data for 2 was also consistent with a ferromagnetic impurity, Figure S4 . The data were corrected for the presence of the impurity and after correction, the data obtained are in good agreement, Figure 2 . EPR Experimental. The sample was loaded inside a 5 mm PTFE NMR tube liner inside an inert atmosphere glovebox. The liner was flame sealed inside a 5 mm quartz NMR tube, which has been filled with He gas.
Electron paramagnetic resonance (EPR) spectra were obtained at 3 K with a Varian E-12 spectrometer equipped with LHe cryostat, an EIP-547 microwave frequency counter, and a Varian E-500 gaussmeter, which was calibrated using 2,2-diphenyl-1-picrylhydrazyl (DPPH, g = 2.0036).
The spectrum was simulated and fit using EasySpin by matrix diagonalization. 7 The spectrum was initially fit by Monte Carlo search using axial parameters with A i constrained to equal 1820 g i . Once a set of parameters were identified that crudely fit the experimental spectrum, the constraints on the fit were removed by allowing A i to vary independently of g i, relaxing the g and A to rhombic, allowing the A matrix to have a different origin from the g matrix, and finally allowing A-strain in addition to normal line broadening. The experimental spectrum was fit alternately using downhill simplex minimization and Monte Carlo searches until the fit to the experimental spectrum no longer improved. The final parameters are in Table S4 . 
